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MACROMOLECULAR REPORTS, A32(SUPPL. 3), 337-345 (1995) 

PROPERTIES OF IMMOBILIZED PECTINESTERASE ON NYLON 

Selma Ate$, Sule Pekyardimci 
DrpartmenL o t  Ciiernistry, Faculty of Sciences, .Ankara L'niversiLy, 

06100 .hiiara Turkey 

ABSTRACT 

t-ectinesterase (PE) has imbilized by covalent attachment on 
nylon-poiyethylenimine (u-polymer and the properties of thc 
imbil ized enzyme was investigated. The nylon support was acticated 
mth by u s i n g  dimethyl sulphate (ENS) and triethyloxonium 
:etrafluoroborate (TOTFEJ). The suitable conditions for an operatile 
and stable sgstem were investigated. The inmobilization of YE im 
nylon which had been by polyethylenirnine ( P E I )  resulted in some loss 
of activity because of steric hindrance of pectin. The activit? 
mnobilization yielded 8 . 2  % for and !2 .7% for TOTFB and higher 
than tkie pre\iously reported in the literature. The pH optima anti 
temperature stability of  the imbilized FE significantly increased. 

Imbilization of various enzymes has been studied in detail 
during the past 35 years. The advantages of using imbilized 
enzymes in food, drug and analytical applications are well known !". 
There are sane disadvantages of inmobilization techniques which need 
to be min1mizt.d prior t o  large scale applications. A decrease in 
enzymatic activity is observed in all entrapting methods, due to the 
hindrance caused on diffusion of substrateby the polymer matrix " .  

Pectin is a generic name for high molecular weight 
plysaccharides present in higher plants that are responsible of the 
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338 ATE$ AND PEKYARDIMCI 

c.oiisistency and turbiuity. Pectin degradation by using pectic 
rn:yrnes constitutes a c m n  industrial practice to achieve 
vlnrification '" '. The main pectic enzymes, pectiriesterase (PE) and 
polygalacturonase IFG) ma) be used either ind jvidually or 
sequentially to clarify . Several attempts have been carried out in 
order to obtain highly-active and stable insoluble derivatives of 
these enzymes '. Pectinesterase seemed t o  be more sensitive to the 
effects of imnobilization than polygalacturonase '. The highest 
relative activity o f  covalently bounded PE on OEk-activated 
Sepharose 4B was only 7 . 3  X ". 

Macromolecular supports can offer considerable advantages in 
industrial applications of imnobilized enzymes. The use of non- 
wrous support with improved mechanical and hydrodynamic 
characteristics, as well as possibilities of chemical modification, 
by using nylon, would be advantageous for the hydrolysis of a high 
molecular weight substrate with a colloidal character, furthermore 
nylon is relatively low cost. The chemical processes used to 
activate nylon involves cleavage of the polyamide chain for the 
release of free amino groups to which the enzymes were covalently 
bound through glutaraldehyde ' I .  

In this paper we report on the preparation of an inmobilized 
PI: using nylon-66 pellets as support. Nylon has been coated with 
polyethylenimine in order to obtain a large number of potentially 
active amino groups for the subsequent binding of enzyme molecules 
" The nylon support was actived by using both dimethyl sulphate 
(INS) and triethyoxonium tetrafluoroborate (TOTFB). The kinetic 
properties and stability of the various preparations are reported. 

Materials : Pectinesterase (EC 3.1.1.11) from tomato, citrus pectin 
(methoxy content 8.6 %), polyethylenimine, methylen chloride were 
a l l  purchased from Sigma Chemical Company (USA). All the remaining 
reagents were obtained from Aldrich Chemical Company (USA). All 
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IMMOBILIZED PECTJNESTERASE ON NYLON 339 

reagents were analytical grade and \>(>re used ! b i t  hout. Curther 
purification. Sylon-66 prl1tt.s c:hn particle s i ~ e )  w r e  supplied b!. 
Tofa? (Turk)-) 

[mobilization Process : Pec.tinesterase bvas imnobi lizcd c n  I I>~lon-d6  
?ellets by an o-alliylation bctivation methods developed and 
previously described in drlail by Thompson rt  a l .  1;) brief th? 
process was as fallow: Support ;icti\ation with INS and TOTFB. Then 
the activated support was coated with FEI. The nylon-PEI derivative 
was reactivated with glutaraldehyde t o  which the pectinestease was 
finally attached. 

1.25 % (W/V) glutaraldehyde solution. freshly made up in 0.1 
?l NaHC03 buffer, at pH 9.1. Buffer solutions were prepared from 
comnon s o l i d  reagent grade chemicals and distilled hater. 

Pectinesterase Activity Measurement: The activity (jl '  PE was 
determined by a modification of tne method Rouse ana . 4 tk i : i s  (1955) 
.J .  Titration method of enzimat icalll- 1 iberateu carbcisyl grosips f ran 
pectin using 0.01 H KaOH in a titration se!. with pH .newe (be- 
hicam). The suostrate has J % citrus pectin in 0.1 !1 XaCi and the 
assay was carried out at pH 7 . 0  at temperature 30 "C. Continuous 
stirring was appl led to homogenize the mixture. 

The enzyme activity of PE as a funccion of p3 was examined 
over the pH range 4-10 in acetate and phosphate buffers. The 
temperature stability was determined from the activi:y values (at 
the pH optimum) after 20 minutes incubation of the enzymes a t  
various temperature (30-70 ' C ) .  

One Unit of enzyme activity w a s  defined as the amount of 
enzyme able to generate one micromole of H' per minute at the 
standart conditions. 

In all the experiments performed hitherto about PE 
imbilization was used only PlS to activate nylon supports. In this 
research has been used TOTFB instead of CMS and the imbilization 
yields were higher than DMS activated nylon. Effect of activation 
nylon by treatment with DMS and TOTFB on PE has been shown in Table 
1. 

For several reasons TOTFB is a preferable reagent for this 
operation as it is more efficient and does not have the 
disadvantages associated with DYS. First, alkylation of nylon with 
the latter reagent was carried out with undiluted reagent for 4 

minutes at 100 'C. On the otherhand dilute solutions of TOTFB in 
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I 

TABLE 1: Canparison of Activation of nylon by treatment with DEIS and 
m 

I 

Iiamoved Activity Ratio: Ratio of the activity removed from the 
solution during the imnobilization process to the total units of 
soluble enzyme used for imbilization. 
Lbupling Efficiency : Ratio of enzymic activity shown by the 
imbilized enzyme to the activity removed from the solution during 
the imbilization process. 
Activity Inmobilization Yield: Ratio of enzymic activity shown by 
the immobilized enzyme to the total units of soluble enzyme. 
Activity of the krivative: Units of enzymic activity shown per gram 
cf derivative. 

d tchloromethane alkylates nylon smoothly at room temperature, and 
tie extent of alkylation can be controlled to give a more 
r:producible product. Secondly, although IW'FB must be treated as 
piisonous it is a safer reagent than since it does not give off 
piisonous vapours and does not cause burns. 

As can be seen in Table 1 all assayed activities showed low 
efficiency and activity imbilization yields. But these values were 
in of higher than those obtained for different imbilized 
Lectolitic enzyme derivatives developed by other authors. This has 

teen attributed to the high dependence of activity imbilization 
lieids of pectolitic enzymes derivatives on the molecular weight of 
substrate; the severe sterical restrictions imposed by the matrix 
limits the cleavage of the glycosidic bonds of the substrate to the 
nore external accessible linkages, this implies that the cleavage of 
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IMMOBILIZED PECTINESTERASE ON NYLON 34 1 

thy substrate by immobilized PE follows amore exo mechanism than 
that of the corresponding soluble enzymes 14 

pll activity profile : The effect of pH on free and imnobilizrd PE 
actiLit> was examined over the pH range 4-10 in acetate and 
phosphate buffers. Figure 1. shows the pH activity profiles for the 
acti\it> of PE imnobilized OII nylon-PEI copolymer as compared with 
those of the soluble enzyme preparation. The maximum activity of the 
immobilized PE was obtained at pH 7 ,  being coincident kith that for 
the soluble enzyme. Between pII 4-7 imnobilized PE acti\ity was 
higher than soluble enzyme. The acidic pH value obtained is 
interesting industrially because the majorit? of the natural juices 
shot+ a pH brtheen 3 5-5.5 '' This meals that the enzymc. preparetion 
1\11 1 worh under pH 7, thus increasing the opt-rational stabilitb. 
Addit 1 ma1 11,  d lob* operatiorial p H  makes microbial contaminat ion o l  

bott] rhc substrak products wd the erizyme reactor more difficult 

Effect of Tanperatwe on Activity: The temperature stabilily was 
determined from the activity values (at the pH 7 )  after 20 minutes 
incubation of the enzymes various temperature. The results are shown 
in Figure 2 .  All preparations of imnobilized PE showed increased 
temperature optima and increased temperature stabilitywhen compared 
with the free enzymes. 

Storage Stability: Both soluble and imnobilized PE actibity in 
phosphate buffer at pH 7 . 0  here fallowed during storage at 4 'C for 
30 days. The imnobilized PE actitated with TOTFB and DMS retained 
100 % activity after 30 days. But as seen in Figure 3 there is a 
derease in soluble enzyme activity. 

Reuse Nunber: Naximum activity versus reuse number plots .Jf 

inmobilized enzyme on nylon activated both with TOTFEI and PlS are 
shuwri in figure 4. As seen in the plots there is a decrease i r :  both 
imnobilized enzymes activity after first use which does a slight 
charge afterwards. The staoiIity in activii). even after 13th use 
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Figure 1. Effect. of pE 

Coupling efficiencyxlO0 
f Max. Activity = 

M.a 

M.a : Maximum value of coupling efficlency. 

Figure 2. Effect of temperature 
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I activating with TOTFB I 

Soluble emyrne / 142.2 
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- 4 . 0  

bp +Freeenzyme +DMS *TOTF8]  

60 
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Figure 3.  Storage s tab i l i ty  of imnobiliLed and soluble PE 
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Figure 4. ' h e  effect of reuse nunbet- of imnobilized enzyme on nylon 
activated with TOTFB and ENS 
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shows that pectinesterase is imnobilized mainly by covalent bonding 
rather than physical entrapnent. 

Kinetic Constants: The kinetic constants of free and imnobilized PE 
were calculated fran the initial rates at various substrate 
concentrations. The results are shown in Table 2. The enzyme, both 
soluble and imbilized fallowed a klichaelis-Menten behaviour khen 
using citrus pectin as substrate. The enzymeimnobilization resulted 
ir an increase of the Michaelis constant for citrus pectin. This 
increase is usually related to high steric limitations caused bq- the 
support structure. 
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